This study develops production inventory model for deteriorating items with constant demand. Shortages are allowed in the inventory system and are completely backlogged. The aim of this model is to determine the optimal cycle length of each product such that the expected total cost (holding, shortage, setup and production cost) is minimized. The necessary and sufficient conditions for the existence and uniqueness of optimal solutions are also derived. We provide simple analytical tractable procedures for deriving the model and give numerical examples to illustrate the solution procedure.
Introduction
Inventory is the stock of any item or resource used in an organization. An inventory system is the set of policies that controls and maintains inventory levels [3] . It decides when stock should be replenished, and how large orders should be. The main concern of any manufacturing organization is to minimize the overall cost and thus increasing profit. [3] Often the inventory managers have to take a crucial decision regarding the balance between ordering cost and carrying cost. If order quantity per unit time is small, the number of orders increases resulting in higher ordering cost, though carrying cost is very less. This sometimes may lead to stock outs, market loss. Alternately, if a bigger quantity is ordered, number of orders and hence ordering cost reduces considerably. But there is increase in carrying cost. Also more storage space, store staff is required. Storage for longer time may lead to defects in inventory items. Thus a proper balance between carrying costs and ordering cost is very necessary. This leads to development of an effective inventory model that will decide a lot size with minimum total inventory cost.
Babu Krishnaraj and Ramsey [1] developed an inventory model with stock dependent demand, Waybill distribution deterioration. Backer and Urban [2] studied deterministic inventory system with an inventory level-dependent demand rate. Chase et al. [3] analyzed operations management for competitive advantage. Goyal and Giri [4] studied recent trends in modeling of deteriorating inventory. Gupta and Vrat [5] developd inventory model for stock dependent consumption rate. Muniappan et al. [6] developed an economic lot sizing production model for deteriorating items under two level trade credits. Muniappan and Uthayakumar [7] studied mathematical analyze technique for computing optimal replenishment polices. Padmanabhan and Vrat [8] studied EOQ models for perishable items under stock dependent selling rate. Ravithammal et al. [9] developed an integrated production inventory system for perishable items with fixed and linear backorders. ShibSankar Sana [10] studied price-sensitive demand for perishable items -an EOQ model.
In this paper we consider a production inventory model for deteriorating items having a constant demand. The necessary and sufficient conditions for the existence and uniqueness of optimal solutions are also derived. Numerical examples are included to illustrate the proposed model. The detailed description of this paper is as follows. In section 2, assumptions and notations are given in detail. In section 3 and section 4, model formulation and Numerical examples are given. Finally conclusion and summary are presented.
Assumptions and Notations
The following assumptions and notations are used for the development of the model 1. The demand D is constant, production rate P > D 2. Replenishment rate and time horizon T are finite 3. The deterioration rate, θ is constant and lead time is zero 4. t 1 denotes production time 4. I1 (t) is the inventory level at time 0 ≤ t ≤ t 1
I2 (t) is the inventory level at time t 1 ≤ t ≤ T 6. C1 -Production cost per unit and C2 -Shortage cost per unit 7. A is the order cost per unit order is known and constant 8. h is the holding cost per unit per unit time
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Model Formulation
Mathematical model can be formulated as follows 1 ( ) + 1 ( ) = − ; 0 ≤ ≤ 1 (1)
with boundary conditions are 1 ( 1 ) = 0 2 ( ) = 0 . The solutions of the equation (1) and (2) are
The components of the Total Cost of the system are as follows (i) Average setup cost =
(ii) Average holding cost = ℎ {∫ 1 ( ) + ∫ 2 ( )
Hence the average total cost in the time interval [0, T] denoted by Γ. i.e., Total Cost = setup cost + holding cost + production cost + shortage cost
For fixed T, we take the second order partial derivative of Γ with respect to T which gives Γ = 0
i.e., 
Conclusion
In this paper we have proposed deterministic inventory model for deteriorating items with constant demand. Shortages are permitted in this inventory system and are completely backlogged. Our aim is to find the optimal replenishment policies for minimizing the total inventory costs. Numerical examples are also provided to illustrate the proposed model. The presented model can be further extended to some more practical situations, such as time dependent demand, partial backlogging shortages, credit period and quantity discounts etc.,
